Introduction
The quality and reserves of human health are largely determined by the state of regulation in the body, its power and quality, degree of development [1] . Therefore, in the research in applied physiology and preventive medicine, in clinical practice [2] [3] [4] , assessing the general condition of the human body becomes increasingly common. This condition is obtained according to the functional state of regulatory system based on the study of heart rate variability according to electrocardiography data and with the calculation of a certain number of relevant activity indicators.
Such indicators are widely used in special areas of medicine, including space, military, sports, and disaster medicine, as well as in related fields. They are used to assess the effectiveness of therapeutic, preventive and health measures, conducting various functional tests. In assessing the current functional state of the human operator (air traffic controller, pilot, driver of a vehicle, etc.) activity indicators are used in order to determine his readiness for professional activity, competitive selection of applicants by their health, studies of the effects of stress, preventive examinations of population contingents, determining occupational aptitude and professional selection, etc. [1] [2] [3] [4] [5] .
These indicators are convenient for such a diverse application, since they are not specific to distinct diseases and express only the general current state of the body, its resource and regulatory capabilities as a whole and the regulation in a person is one in health and disease [1] . The role of regulatory systems in the human body is such that under their influence are all organs and systems and their functioning, their activity depends on the intensity of regulatory influences. Different levels of intensity of regulation (normal, insufficient or excessive) correspond to the respective intensity of the work of organs and systems, the quality of the realization of their functions. Therefore, the general condition of the body can be judged by the activity of its regulatory mechanisms [1] [2] [3] [4] . Regulatory systems activity indicators objectively reflect the general tone of the body's vital activity, regulation of organs and systems by mechanisms of different levels. These indicators show regulation's consistency, balance of such management, adaptive capabilities of regulation to form adequate responses to constant changes in external and internal conditions of life [1] [2] [6] [7] .
The widespread use of these indicators is associated with their nonspecificity in relation to specific diseases, with independence from their presence or absence, as well as with the possibility of using the assessment of the overall health of a person for different purposes. The other advantages of indicators include the ability to reveal the functional state of the human body as a whole with the characteristic of functional activity and adaptive capabilities of its regulatory mechanisms in ensuring the coordinated management of various organs and systems, with the disclosure of their interaction consistency [1] [2] [3] .
These indicators objectively express the current functional state of the body at the time of the survey. Over time, their values may change, reflecting a change in the level of vital functions of the organism in the existing set of conditions. The widespread use of the method of assessing the functional states of the human body is supported by the availability of verified practical medical and biological bases for understanding the content, meaning and interpretation of these indicators.
This method describes the complex expression by these indicators of the level of control over the functioning of the most important life support systems of the human body. The possibilities of obtaining with their help a versatile objective medical assessment of current conditions, as well as opportunities and reserves of regulatory mechanisms of the human body are of the advantages of the method. Followed by the noninvasive and technological simplicity of survey, the existence and availability of relatively cheap hardware-software means, the presence and confirmed practice, effectiveness of test techniques and results interpretation, detailed and applied technology [1] [2] [3] .
The task of evaluation of the functional states of the human body using the activity indicators of regulatory systems is presented in the practice of conducting examinations in a rich variety. Utilizing the same indicators for different research purposes, for different methods of their implementation, for different conditions of the human body's vital activity is typical [1] [2] [3] [8] [9] [10] [11] [12] in the process of conducting examinations (Fig. 1) .
The diversity of practical applications with the use of these indicators in studies of the state of human health consists in the possibility to be used for one person and for a group of people. They are used in the cases of irrespective and comparative assessments of functional states. They are suitable for research in statics for the assessment of current conditions and in the dynamics when tracking their changes. The same indicators are considered both when monitoring human states and when managing them. Research in both normal conditions of life and in the manifestation of difficult conditions is possible. It can be weightlessness, low oxygen content in the air, high (low) ambient temperature, high level of acoustic noise, the effect of vibrations of certain spectra and others. Such factors may reflect abnormal conditions that are associated with the professional activity of a person [1] [2] [3] . Studies in standard rest conditions are widespread [13], as well as studies of the body's reactions to test stimuli, especially with the targeted study of different regulatory mechanisms [1] [2] [3] .
Each of these cases has its own specifics and certain features in the technology of conducting examinations and interpreting the obtained results. The variety of practiced schemes for assessing the capabilities and reserves of the human body indicates one of the main difficulties in conducting research. It consists in the need to standardize the boundaries of the values of activity indicators, the limits of their change under various effects [1] . They must be indicated for each tension level of regulatory mechanisms. The acknowledging for these boundaries is necessary when calculating and interpreting results. For different groups of people with different categories of age, gender and other features, these boundaries are generally different. This paper focuses on the comparative assessment of conditions for a group of individuals according to a survey in rest. Such ranking task is the most problematic in a competitive situation, when it should be linear, unambiguous, objective, justified, and carried out automatically. The usage of traditional estimates in the number of marks, as in the calculation of the integral indicator AIRS (Activity Indicator of Regulatory System) [2] , can level out significant initial differences that are found on the initial scales of absolute values of indicators. The objectivity of comparative assessments is getting blurred. Even small groups can have several applicants with the same number of marks and at the same time require a unique fair linear arrangement of applicants by rank. The complexes (vectors) of indicators are necessary to use in their original numerical expression. For them, however, the notion of "more-less" is not defined. A special ranking principle and the development of appropriate procedures and software tools for data analysis are necessary to develop, which is the subject of this work.
In general, the development of linear ranking procedures for a group of individuals according to the functional state of their body with the calculation of the activity indicators of regulatory systems according to electrocardiography data is relevant and this relevance is associated with the presence of the specified competitive tasks that require for their solution corresponding software. Moreover, there are some unresolved issues about the decision-making on rankings simultaneously using sets of indicators, including conflicting situations. This relevance is also supported by the presence of several favorable circumstances for resolving such issues.
The justification of the ranking principle, the development of the implementing procedures is discussed in the second part of the paper. The third part reveals the meaning and results of the test in the MATLAB environment of the proposed ranking procedure using real indicators of the activity of the regulatory systems of the human body, which were obtained during the processing of five-minute electrocardiogram fragments. The main results and the appropriate directions for their use and development are presented in the general conclusions. In the first part of the work, in order to coordinate the development of ranking procedures with the general scheme for as- sessing the functional states of the human body for a group of individuals and ensuring the possibility of embedding these procedures in the specified scheme, the meaning and characteristics of the activity indicators of regulatory systems are analyzed. As well as analyzed a generalized algorithm for their assessment using different methods and approach to the interpretation of the results.
The usage of the activity indicators of regulatory systems in assessing the functional state of the human body according to electrocardiography data
One of the main goals of this section is to consider common survey methods and form a generalized algorithm for assessing the functional state of a group of individuals according to the indicators of the activity of regulatory systems. Such algorithm is being taken as the basis for expanding its functionality. Its structure will include the developed procedures for ranking a group of individuals by the level of regulatory mechanisms possibilities. The features of the indicators of activity, their evaluation, analysis and interpretation are also considered. And which follow the meaning of the desired ranking and the approach to its implementation.
The assessments of the current functional states of the human body in many methods are based on the position that heart is an indicator of the adaptation reactions of the whole organism, which are traced in the electrocardiogram [2] . It is an affordable, convenient process, which manifests the results of joint work of regulatory mechanisms of different levels. According to these results, while using the activity indicators, the quality of the regulation system can be assessed, along with its current state, regulatory capabilities and body reserves [1] [2] . The assessment of the general functional state of the human body, its health using activity indicators are characterized by adequacy, simplicity, accessibility, efficiency, non-invasive examination, transparency of biomedical interpretation [1] [2] .
The primary data for assessing the activity of regulatory systems in this paper are the recommended for research [1] [2] [3] five-minute electrocardiogram (ECG) records at rest, lying the back at a sampling frequency of 1000 Hz and above, and the accuracy of measured RR intervals within the limits of ±1 ms.
During ECG analysis, the changes in heart rate (HR) from cycle to cycle are often assumed to be the result of multi-contour hierarchical non-linear control by regulatory systems, which can be characterized numerically as indicators of their activity. Therefore, precisely the heart rate contains the information about the state of regulation, its quality, including the communication with the outside world. The method for this regulation evaluation is called the technology of heart rate variability (HRV). HRV means the variation in the duration of RR intervals [1] [2] [3] . The "scatter functions" of RR interval durations contain basic in-formation about the state of the systems that regulate the heart rhythm [1] [2] [3] .
The main object of research in this technology is usually heart rate variability. At first, it is processed in the time domain as a cardiointervalogram for the initial variable series of the duration of RR-intervals. Then this variability is investigated in the frequency domain by the spectral components of the heart rate changes in the spectrograms. Probabilistic distributions of possible values of the duration of cardiointervals in the analyzed records are also investigated. At each such stage of the HRV analysis, it is described by whole sets, or groups of quantitative parameters, diversifying the management of the heart rhythm by the complex of the body's regulatory mechanisms [5, 14] . These parameters are used to calculate standardized indicators of the activity of regulatory systems, including generalized, integrated indicators.
A block diagram of a generalized algorithm for assessing the functional states of a group of individuals using indicators of the activity of regulatory systems can be presented in this form on Fig. 2 . After preliminary processing of 5-minute ECG records and obtaining a sequence of the durations of normal RRintervals (block 1), one forms a cardiointervalogram (block 2) ( Fig. 3) , which bears the modulation of the considered RR durations. The latter expresses the work of different regulatory mechanisms that manifest themselves in different frequency domains ( Fig. 4) . To obtain the spectral characteristics of heart rate variability, the variable range of RR-intervals is preinterpolated, thus providing a transition from a nonequidistant grid of time to equal-discrete for direct Fourier transform with obtaining the desired spectrogram (block 3). Block 4 generates histograms of the probability distributions of the values of RR-intervals in the electrocardiogram (Fig. 5 ).
In accordance with the form of the obtained characteristics, the required complex of individual indicators of the activity of the body's regulatory systems is calculated for each tested group member (block 5). Calculations are carried out according to generally accepted definitions and corresponding formulas. Data processing for different applicants can be done in parallel, independently of each other.
If during the assessment and comparison of the functional states of the human body, a complex, integral indicator AIRS is used, then using the obtained values of individual indicators for each applicant, the corresponding calculation of the integral indicator is made (block 6). In accordance with the accepted classification [2] of the states of the human body, we determine a class of the functional state of the organism to which the applicant's body is assigned in each case by the AIRS value (block 7). This condition is attributed to the clinical and physiological interpretation characteristic of this class (block 8). Block 9 of the generalized algorithm provides a comparative assessment of the func-tional states of the participants in the tested group of people, which is assumed in the general case. Used in the practice of research, the complexes of indicators of the regulatory mechanisms activity of the human body express different aspects of the functional state of the regulatory mechanisms [2] . In particular, to calculate the integral AIRS, reflecting the overall functional state of the regulatory system of the human body, a set of activity indicators is considered ( Fig. 6 ). They express the total regulation effect (A), automatism function (B), vegetative homeostasis (C), stability of regulation (D), activity of subcortical nerve The composing factors are taken into account in the cumulative result by charging up a certain number of points. The points are awarded on the absolute values of the indicators for each participant (Fig. 7 ) on a typical scale of the level of dysfunctions [5] .
Dysfunctions for each indicator and in general are considered in two versions, insufficiency (hypo) or excessive level (hyper) of regulatory activity. The sign in the number of points reflects the direction of departure of the indicator value from the norm.
Charged points by their meaning are, therefore, penalties. The transition from absolute values of indicators to the number of points is associated with the need for joint consideration of heterogeneous, incommensurate factors. Due to this transition, the resulting effect of regulation is assessed by summing up the manifestations of various factors in their general expression.
AIRS turns out to be a general assessment of the resulting quality of activity management of the organs and systems of the human body from its regulatory system. Moreover, in the practice of research, the normative systems for classifying the states of an organism according to the values of AIRS are used on an integer scale from 0 to 10 with the introduction of a five-level gradation of states [5] . factors. AIRS = 8...10 is exhaustion (astenisation) of regulatory systems [2] . AIRS, as well as its individual components, is not specific to particular diseases, therefore its use finds a wide range of practical applications. It is possible to focus on the composition of the factors considered in the preparation of a set of indicators of the activity of regulatory mechanisms for an adequate, in a certain sense, comprehensive and diverse assessment of the state of the regulatory system of the organism as a whole.
An example of the results of assessing the functional state of the body of a particular group of 32 people according to 5-minute ECG recordings with the calculation of the indicators of the activity of regulatory systems and the integral AIRS is shown in Table 1 . In Table 1 , the 6th, 15th, and 16th data columns express the total weights of the spectral components of the duration variability of the normal RR intervals in percent in the frequency subbands HF, LF, and VLF. Estimates of activity indicators in points are given in columns 7-11. The value of AIRS is in the 12th column.
The results show that the linear ranking of the functional states of the human body in a group of individuals using the AIRS is not provided. The same number of AIRS points is repeated for several per-sons, although there are significant differences in the initial values of the individual indicators, which contributed to the differentiation of individuals by rank, but are erased when moving to the scoring.
In general, and considering the details, the insertion point of the procedure for ranking a group of persons according to the functional state of the body's regulatory system in the considered algorithm can be the output of the block for forming absolute values of activity indicators. Particularly, before they are converted into points, before leveling the differences im-portant in ranking for the values of indicators in different persons. In the generalized algorithm, this point is the output of block 5. The initial data for the ranking will be the sets of values of the activity indicators for calculating AIRS. The approach, principle and procedures for ranking a group of individuals will be built with a detailed account of the noted features of the indicator sets.
The principle and procedures for ranking a group of persons in the scheme for assessing the functional states of their body according to the indicators of regulatory systems activity
The principle and procedures of ranking are considered for the competitive task of the functional states of the body in a group of individuals, in which each applicant must receive a different rank. The choice of the ranking principle here is decisive in the development of this procedure.
This principle is adequate to such task, if the ranking is systematic and the comparison of states is diverse. Fair decisions are required; the worst indicator for a state of higher rank cannot be worse than the worst indicator of any state of a lower rank. Decisions must be objective. They should be formed in automatic mode without taking into account subjective assessments. Conflict-free ranking decisions are required. There should not be unresolved situations, for example, since in some indicators the state is better, and in others -worse. The approach to decisions must be based on evidence. Rank decisions must be confirmed by irrefutable quantitative indicators.
The key issue in such a case becomes ensuring the unambiguous fair decisions about ranks when using sets of indicators that have a number of features. For their analysis, indicators for calculating AIRS were taken during the examination at rest. Let us consider a summary of the data in Table 2 , conditionally assuming them to be normative for the boundaries of the values of indicators in different states for a certain category of persons examined. Such features are essential for ranking states by a complex of similar indicators. They have generally accepted definitions. The order of their evaluation according to ECG data is regulated. Interpretation of indica-tors is standard, but they are heterogeneous in meaning. They have, in general, different dimensions and continuous scales.
These scales and their subranges are different for the norm and dysfunctions of different nature and level that depend on a contingent of individuals.The values of the indicators are used as criteria for ascertaining the norm and dysfunctions.
The regulation is expressed excessively or weakened. There are two types of indicators, dysfunctions can grow with the growth of their values or vice versa. The breakdown of the range of indicator values is similar. The norm interval is in the center and the following intervals are of different sizes. It is bigger for dysfunctions of a greater or lesser degree. Therefore, the indicators cannot be directly combined into a single numerical indicator. After the normative conversion to an integer number of points (0, 1, 2), they express the rate or level of dysfunctions. Numeric values are supplied with a sign ("+" for the values of "hyper-" and "-" for "hypo-"). By their meaning, in all cases the points awarded are penalties.
These features express the conditions in which the ranking principle should be chosen. As a first step in the formation of this principle, an agreement on which ranking result will be considered appropriate is required. Let the best functional state be assigned a higher rank, the worst states will be given the last places in the list. The ranking will be considered correct if the worst indicator of the state of a higher rank is not worse than the worst indicator of any state of a lower rank. The worst indicator of the applicant will be called a key indicator.
Then the applicant with the worst key indicator can be assigned the lowest rank and the other applicants can be dealt with the same way. This is rational, since the worst indicator limits the level of the functional state of the organism as a whole. In particular, if a "breakdown" of a normal state occurs according to one indicator, then the state as a whole cannot be considered normal. Similarly, when detecting various dysfunctions.
Thus, it was advisable to adopt the principle, the main points of which are reflected in Fig. 8 . In order to ensure the commensurability of the indicators, which are different in meaning, let us pass in a special way to their relative values in percentages. The ranking list is formed from the bottom up and the validity of decisions about ranks is maintained. For each person the type of key indicator and the value in percent are determined, which makes all decisions justified. The relative values of the indicators are given a meaning similar to the penalty points when calculating AIRS (Fig. 9) .
The greater the departure of the indicator value from the norm, the greater is its relative value. The growth of this indicator value reflects a deterioration of the condition and this can be traced continuously 
Test verification of the ranking procedures of a group of persons according to the functional state of the human body using the activity indicators of regulatory systems
The purpose of the study is to verify the correctness of the implementation of the developed ranking principle and its viability. The processing of complexes of indicators from Table 1 is considered, obtained for a group of persons according to the ECG at rest. The choice of key indicators is shown in Table 3 . The results of the ranking with their justification are disclosed in Table 4 . For example, the participant at number 4 of the original list occupies the 23rd rank position, its key indicator is SDNN (70.67%). The indicators of all participants of a higher rank is lower (better) than of number 4. All the rest have more (worse) relative indicator values. The analysis of such data shows a positive test result.
A flowchart of the ranking procedure as a whole and a summary of the formulas are presented in Fig. 10 .
For the implementation of the procedure, regulatory data on the subrange boundaries of the contingent indicator values of the tested persons and the results of the evaluation of their indicators are required. The ranking will be done automatically.
Similar tables for the subrange boundaries and recalculation characteristics can be obtained (considering the surveyed contingent) for the deviations of the indicators arising from different tests. The ranking procedure remains the same.
Conclusions
1. The principle of a fair linear conflict-free ranking of functional states of the human body for a group of individuals according to the values of sets of activity indicators of regulatory mechanisms, calculated according to data in five-minute ECG records, has been developed.
The ranking decision of the current state of each participant is confirmed by an irrefutable numerical indicator.
2. The validity of the development is confirmed by a test check on real data from a survey of a group of individuals.
The developed software procedures can be used in the problems of improving the hardware and software of systems for assessing the functional states of the human body according to the activity of the regulatory systems.
Conducted studies show the feasibility of further in-depth study of such procedures for their implementation in practice.
Formula Summary
For the center point:
For the right part of the characteristic: 
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Фирма «Idea Consulting», Киев, Украина РАНЖИРОВАНИЕ ФУНКЦИОНАЛЬНЫХ СОСТОЯНИЙ ОРГАНИЗМА ГРУППЫ ЛИЦ ПО ПОКАЗАТЕЛЯМ АКТИВНОСТИ РЕГУЛЯТОРНЫХ СИСТЕМ, ОЦЕНИВАЕМЫМ ПО ДАННЫМ ЭЛЕКТРОКАРДИОГРАФИИ Предлагаются принцип и процедуры ранжирования группы лиц по функциональному состоянию их организма в соответствии со значениями показателей активности регуляторных механизмов. Показатели вычисляются по пятиминутным записям электрокардиограмм. Не исключаются противоречивые ситуации, когда по одним показателям состояние лучше, по другимхуже. Цель работысовершенствование аппаратно-программного обеспечения диагностических систем в части программных процедур поддержки принятия решений по сравнительным оценкам функциональных состояний человека для группы лиц. Работа выполнена в рамках традиционного подхода к оценке функциональных состояний организма человека с использованием того же состава показателей, как и при оценке интегрального комплексного показателя ПАРС.
